Introduction
The natural course and presentation of Crohn's disease (CD) in children are variable and often unpredictable. This includes the disease activity, risk of recurrence, frequency and severity of complications, need for surgery, severity of growth impairment, and quality of life. Some children require early surgical intervention to manage complications or to alleviate symptoms of the disease, while others remain in remission for years with medical therapy only [1] [2] [3] .
Although medical management of Crohn's disease has evolved, there are still many clinical situations that warrant consideration of elective, urgent or emergent surgical management. The majority of surgical indications are non-emergent. The most common indication for surgery in children with Crohn's remains failure or intolerance of medical management (50%), intestinal obstruction, abscesses, fistulas and other non-emergent indications [1, [4] [5] [6] . The timing of surgery can be carefully planned by interdisciplinary teams, including the surgeon, radiologist and gastroenterologist, to achieve control of the inflammatory process while minimizing the adverse effects from medications. Surgical emergencies in children with Crohn's disease are rare, but may carry substantial morbidity. Typical indications for urgent surgery include free intestinal perforation with diffuse peritonitis, acute abscesses with sepsis, and toxic colitis. The primary goal of emergency surgery in these circumstances is to control sepsis or provide bowel decompression [4, 7] .
Free intestinal perforation with diffuse peritonitis and free air on imaging is a very rare but potentially life-threatening complication of Crohn's disease that necessitates urgent surgical management [7] . The incidence of Crohn's-related free perforation in adults ranges between 1 and 2% [7, 8] . Due to the rarity of this presentation in children with CD, the pediatric literature on this subject is scarce and the incidence is unknown. Although free bowel perforation is an exceedingly rare in https://doi.org/10.1016/j.epsc.2018.01.002 Received 27 December 2017;  Received in revised form 29 December 2017; Accepted 1 January 2018 children with CD, pediatric surgeons should be familiar with this serious and potentially life threatening complication. The clinician's high index of suspicion for complicated CD, and a low threshold for appropriate imaging are of great importance to facilitate prompt diagnosis and intervention for free bowel perforation.
This case report and systematic literature review are intended to assist pediatric surgeons in the early recognition of symptoms of free perforation in children, in addition to assessment of potential risks leading to the occurrence, and to define the most appropriate imaging choices and surgical management options.
Material and methods
Our case report was approved by the institutional ethics board TRAQ#6022476. A systematic search of the literature was performed to identify relevant articles documenting cases of free intestinal perforation in children with Crohn's disease. The PubMed, Ovid, Scopus and Cochrane databases were searched using the combination of the following search terms: free bowel perforation in children with Crohn's disease, free intestinal perforation in Crohn's disease, colonic free perforation in Crohn's disease, pneumoperitoneum in Crohn's disease, free air and peritonitis in Crohn's disease. The search was limited to patients up to 18 years of age. Two authors (MK and MP) independently extracted data, reviewed the abstracts, and assessed them for inclusion in the review.
The fourteen articles matching the search terms were identified. Most of the retrieved studies were single case reports describing pediatric CD patients with free bowel perforation. The extracted data consisted of: author names, patient age and gender, clinical presentation, preoperative duration of disease, extent of the disease, site of perforation, number of perforations, presence of bowel stenosis, preoperative use of corticosteroids, biologics or immunomodulators, previous surgeries or percutaneous abscess drainage, imaging used to confirm free abdominal air, and medical/surgical management. Extracted data are presented in Table 1 .
Case report
A previously healthy 14-year-old boy was referred to a pediatric gastroenterologist with an approximately six-week history of recurrent abdominal pain, diarrhea, loss of appetite, fatigue, and weight loss. He took no medications and his social history was non-contributory. He had no family history of inflammatory bowel disease. Physical examination was normal aside from a BMI of 14.9 (less than 1st %ile for age). Blood work revealed a microcytic anemia (HGB 97 g/L), low albumin (23 g/L), normal WBC, elevated CRP (82.8 mg/L) and increased ESR (54 mm/h). He underwent an esophagogastroduodenoscopy that was normal. Colonoscopy and ileoscopy revealed a stenotic ileocecal valve and an approximately 10 cm long segment of terminal ileum with severe ileitis. Histopathology of the biopsy specimens from the terminal ileum and cecum confirmed the diagnosis of Crohn's disease. Following this diagnostic confirmation, he was started on oral Prednisone 40 mg BID daily.
Four days after initiation of therapy he presented to the emergency department with abdominal pain and diarrhea. He was afebrile and his vital signs were otherwise normal. The patient's abdomen was soft, mildly tender to palpation in the right lower quadrant, with no guarding and no rebound tenderness. Blood work revealed a mild increase in his WBC to 15.4 and ESR 51 mm/h. An ultrasound of the abdomen revealed extensive circumferential thickening of the distal ileum and a 3 cm by 3 cm adjacent complex collection. The patient was admitted to the hospital and started on broad spectrum I.V. antibiotics. His oral steroids were continued. The next morning his pain resolved and he was tolerating oral intake. Routine follow-up abdominal ultrasound four days later showed free fluid in the lower quadrants of the abdomen. He remained asymptomatic with a normal abdominal exam.
However, over the next 24 h, he refused to eat, was severely fatigued and slept most of the day. That evening, he reported sudden onset of severe abdominal pain. He was tachycardic, with diffuse abdominal tenderness, but no peritoneal signs. The patient's WBC rose to 35 with marked shift to the left, and CRP increased to 125 mg/L. An urgent abdominal CT was obtained, and revealed extensive inflammatory bowel changes, free fluid and substantial intra-abdominal free air (Figs. 1-3).
The patient was taken for an emergent exploratory laparotomy. At laparotomy, a large amount of turbid yellow fluid was found throughout the peritoneal cavity. Thorough exploration demonstrated a thickened terminal ileum covered with the omentum, and a single perforation on the antimesenteric side of the diseased terminal ileum approximately 9-10 cm proximal to the ileocecal valve. There was no evidence of bowel stricture. Ileocecectomy was performed, involving resection of approximately 15 cm of the terminal ileum, followed by abdominal irrigation and end ileostomy with colonic mucous fistula. Diversion was necessitated given the patient's clinical intraoperative instability requiring vasopressor support. Corticosteroid therapy was discontinued postoperatively. Histopathology of the resected specimen demonstrated transmural inflammation with extensive mucosal ulceration, with one fistulous tract leading to the area of perforation. Pathology review was not consistent with iatrogenic perforation associated with the preceding ileoscopy.
The patient made a gradual but satisfactory recovery. Stoma closure was performed 6 months postoperatively. The patient is well at twoyear follow-up, in remission and off medications. 
Results
Systematic review of the literature on free bowel perforation in children with Crohn's disease (1967-2017) identified 22 patients including our case report. The majority of publications are single case reports (55%). The findings are summarized in Table 1 .
The review identified 13 males (59%) and 9 females (41%). Patients' age ranged from 9 to 18 years, with a mean age of 15 years (SD 2.7). The disease duration prior to presentation of free perforation ranged from 1 day to 4 years with a median length of 6.5 months.
Details on clinical symptoms of free intestinal perforation were documented in only 11 patients (50%). Symptoms are nonspecific and include abdominal pain, nausea, vomiting, diarrhea, fatigue, tachycardia and fever. Peritonitis was reported in 64% of these children.
The most common site of perforation was the terminal ileum in 18 patients (82%), with only 4 colonic perforations (18%). All perforations were single and all were found within a diseased bowel segment. Toxic dilation of the colon was found in two patients (9%). One patient (4%) had an iatrogenic colonic perforation during diagnostic biopsy (4%), and one developed a perforation after mild blunt abdominal trauma (4%). Free bowel perforation was the presenting clinical manifestation of previously undiagnosed Crohn's disease in four patients (18%). Twelve patients (55%) were on steroid treatment prior to the free perforation, and one (4%) was on infliximab. Coexisting risk factors prior to perforation were identified in 32% of patients (obstruction/ stricturing disease, use of steroids, biologics or toxic colitis). Evaluation of disease extent showed that 59% of children had isolated ileal disease, and 41% had combine ileal and colonic disease.
In the majority of cases findings on imaging were not documented (81%). Pneumoperitoneum was found on plain abdominal radiographs in one patient (4%). CT abdomen was done in 14% of patients and was diagnostic for free air. Abdominal ultrasound was done in one patient and was not diagnostic for free air.
All patients underwent urgent surgical management. Primary resection with proximal ostomy was the most frequent procedure (50%). Resection of the diseased bowel segment with primary anastomosis was done in 9 patients (41%), and direct suture repair of the perforation was performed in two patients (9%). There were no reported complications following resection with proximal diversion. Following resection and primary bowel anastomosis one patient developed an abdominal collection that resolved after percutaneous drainage. Both patients who underwent direct suture repair of the perforation developed complications (1 fistula and 1 intra-abdominal collection). A 96% of cases were done as open procedures. There have been no reported mortalities. Recurrent free perforation was reported in one patient (4%).
Discussion
Free intestinal perforation in CD is characterized by free abdominal air on imaging with or without peritonitis, and a focal intestinal defect noted intraoperatively. Since the first description of Crohn's disease in 1932, about 100 cases of free intestinal perforation have been reported in adults [8, 16, 22] . The incidence in Western countries ranges between 1 and 2% [7, 8] , while in Asia it has been reported to be as high as 6.5-9.4% [21, 23] . Little is known about Crohn's-related pediatric free intestinal perforations due the rarity of it's occurrence.
The paucity of reported free intestinal perforations can be explained by the chronic nature of the transmural inflammatory process in Crohn's disease. The resulting bowel wall exudation favors the development of fibrous adhesions between affected bowel loops and adjacent abdominal structures. This process usually leads to walled-off, rather than free perforation into the peritoneal cavity. In the setting of acute or fulminant Crohn's inflammation, rapidly formed tracks between bowel mucosa and serosa may fail to contain full-thickness ulceration due to the lack of the adhesions, thus leading to free intestinal perforation and generalized peritonitis [2, 7, 11, [24] [25] [26] .
In adults, free intestinal perforation tends to occur in patients in their third to fourth decade after a mean disease duration of 6 years [17, 23, 27] . In children the median age of perforation was 15 years, and disease course was much shorter, with a median duration of 6.5 months. Free perforation constituted the first presentation of Crohn's disease in 18% of children.
Several risk factors are recognized to precipitate free perforation in adults including distal intestinal obstruction, use of corticosteroids and biologics, ischemia, toxic dilatation of colon, blunt abdominal trauma and malnutrition [20, 22, 25, 28] . Increased intraluminal pressure, due to distal obstruction or stricturing disease, is an established risk factor documented in 34.1% of adults with free perforation [22] . In our series of pediatric patients, a distal obstruction was identified in 23%.
The relationship between preoperative use of corticosteroids and free perforation is controversial. One hypothesis is that corticosteroids may promote the development of free peritonitis by decreasing the inflammatory response and impairing the ability of a resulting phlegmon to seal off imminent perforation [24] . However, the majority of early studies were not able to confirm this theory [16, 17, 22] . Twelve of the included 22 pediatric patients in our series were on steroids (55%) but it is difficult to establish causation versus association with active disease. Only one included patient was on infliximab at time of perforation.
Blunt and iatrogenic trauma have both been associated with free perforation in Crohn's disease. In addition, patients with active inflammation and on steroids are at higher risk for iatrogenic perforation during endoscopic evaluation compared to the general population [29] . One included pediatric patient suffered mild blunt abdominal trauma resulting in intestinal free perforation at a site of active Crohn's [20] ; blunt force that may not otherwise injure healthy pliable bowel can cause more significant damage when the bowel is inflamed and thickened.
In adults with Crohn's disease, although perforation may occur in any involved bowel segment, terminal ileum is the most common site of free perforation (90%), while colonic perforations are rare [2, 7, 8, 11, 17, 23, 25, 27] . In children, the ileum was also found to be the most common site of free perforation (82%), whereas the incidence of colonic perforation (18%) was higher than in adults. All perforations occurred in areas of active Crohn's disease. Toxic colitis was identified in 9% of children, while colonic perforation occurred in 18%. This finding in pediatric patients is consistent with Roy's observation in adults, that although colonic perforation is mostly found in association with toxic colitis, it can also occur in the absence of toxic dilatation [25] . One of pediatric patients with toxic colitis developed ileal perforation [16] , identifying consideration for this possible presentation.
The number of free perforations in adults ranged from 1 to 5 [24] . The majority of perforations in adult patients are single 88.6% [21] , while all reported pediatric cases have been single perforation. Histopathological review has identified both evidence of perforation at the site of chronic disease activity and acute fulminant disease [14] . This may contribute to the variability of clinical presentations.
Free bowel perforation in adults is usually marked by sudden onset of symptoms including severe abdominal pain, nausea, vomiting, abdominal distention, fever and signs of diffuse peritonitis. In our series, symptoms and signs of free perforation in children were similar to those in adults. Administration of large doses of steroids may obscure the clinical picture and cause delay in diagnosis [22, 27, 30, 31] . High index of suspicion and low threshold for appropriate imaging play a significant role in timely diagnosis [32] .
The importance of serial clinical examination and appropriate use of imaging were important in our case as his initial presentation initially suggested a much more benign course before the rapid development of peritonitis and sepsis. The main initial complaint was the sudden onset of severe fatigue. Data on whether fatigue severity is proportional to disease activity and severity is sparse and conflicting [33, 34] . Given the ability of steroids to mask clinical exam findings, early imaging in patients who develop excessive fatigue should be considered.
The hallmark of free bowel perforation is the presence of free air in the abdominal cavity. Plain abdominal radiography is sensitive in only 50-75% of cases [35, 36] . Although ultrasound may aid in diagnosis in pediatric patients and its utility in pediatric patients has been espoused [37] , in our patient was not diagnostic. The lack of free air on ultrasound may have been due to the fact that bowel hadn't perforated yet, or because amount of free air was still small. CT scan may be accurate in identifying the location of small bowel perforation in 80% of cases [38] .
The management of free intestinal perforation is surgical, following adequate resuscitation and administration of antibiotics. The necessity for pre-operative stress-dose steroids is controversial [7, 39] . Resection of the affected bowel with diversion is typically required with primary anastomosis utilized in select cases [31] . Careful attention must be paid to small bowel length preservation, resecting only macroscopically affected bowel [4, 6] . Early reports have advocated against simple suture repair of Crohn's-related small bowel perforation [22] and this was borne-out in the reported pediatric cohort, with both patients who underwent suture repair developing subsequent complications. In the presence of minimal contamination, hemodynamic stability, and adequate nutritional reserve, resection of the diseased segment with a primary intestinal anastomosis can be considered [17, 22, 40] otherwise proximal diversion should be utilized. There were no reported pediatric mortality, but surgical emergencies in adult Crohn's patients are associated with substantial morbidity and mortality [5, 7] . Restoration of the intestinal continuity should be delayed until the patient's health and nutritional status have been optimized [41] .
Conclusion
Free bowel perforation in children with Crohn's disease is exceedingly rare. It may occur as a first presentation of the disease or at any point during the course of the disease. Symptoms of free perforation are variable and may be nonspecific, particularly in patients on steroid therapy. Physicians and surgeons must maintain a high index of suspicion, especially in patents with risk factors. Three-dimensional imaging may be required to confirm the diagnosis.
Free bowel perforation in Crohn's disease is a surgical emergency and patients will require resuscitation and resection of the involved segment. Proximal diversion versus primary anastomosis should be determined on a case-by-case basis. Primary closure of perforation is discouraged.
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